with a capacity to suppress HIV-1 replication in antigenpresenting cells (24) . Recently, this immunomodulator was also found capable of regulating CD4 + lymphocytes from HIV-1 patients, leading to potent suppression of viral replication in vitro (25) . These effects were revealed to target the nuclear transport of viral preintegration complexes and virus transcription through the regulation, at least partly, of cellular genes necessary for different steps in the virus life cycle (24) (25) (26) . To better define the HIV-suppressive activity of Murabutide, we carried out a differential display analysis on CD8-depleted PBMCs, stimulated or not with Murabutide, from one HIV-1 patient. However, among the genes that were differentially expressed by Murabutide, we have cloned the full-length cDNA of one new gene that showed no identity with published gene sequences. The corresponding amino acid (aa) sequence revealed a protein with a predicted M r of 56 kDa and presenting strong similarity with Ro/SSA-52. This protein, named SS-56, was found to be a target of autoimmune responses in patients with SS, SLE, and HIV-1 infection. Importantly, autoAb's to SS-56 were detected in sera from a large percentage of SS and SLE patients who were negative for both SSA and SSB antibodies. Therefore, SS-56 represents a new member of the SS family of autoantigens (autoAg's) and could have important relevance for the diagnosis of certain autoimmune disorders.
Methods
Cell cultures and reagents. HeLa, U937, Jurkat, and Molt4 cell lines were maintained in RPMI 1640 supplemented with 10% FCS, 8 µg/ml Gentamicin sulfate (SheringPlough, Levalois-Perret, France), and 2 mM glutamine (Life Technologies-Invitrogen, Cergy-Pontoise, Paris).
Cloning of SS-56 cDNA. A cDNA fragment of 152 bp that was underexpressed in Murabutide-treated, compared with untreated, CD8-depleted PBMCs from an HIV-1-infected patient was isolated from differential display gels. The 152-cDNA fragment from differential display was radiolabeled with α-[ 32 P]dCTP, using a Megaprime labeling kit (Amersham Pharmacia Biotech, Orsay, France), and was used to screen the λTriplEx leukocyte cDNA library according to the manufacturer's instructions (CLONTECH Laboratories Inc., Palo Alto, California, USA). A SMART Rapid Amplification of cDNA Ends (RACE) kit (CLONTECH) was used to synthesize the 5′-and 3′-cDNA ends. To generate the 5′-end, four successive and specific oligonucleotides primers were used: (a) 5′-AATGCGTTTATTTCT-CCAGTTTGGCCTATTTAA-3′; (b) 5′-AACTCTGCAATCATCCTCCACAGGA-3′; (c) 5′-CTGGCTCT-GCTGGATGAGCTCGCTATG-3′; and (d) 5′-TCAGCCC-CATTCCTGGAT-GTA-3′. The 3′-end of SS-56 cDNA was amplified with the following primer: 5′-CCTGTCTGAG-GCATAGAGGCAGGCAAGCCG-3′. The full-length cDNA coding for SS-56 was then obtained by RT-PCR using two synthetic oligonucleotides that included the start codon for the 5′-end and the stop codon for the 3′-end. All PCR amplification products were cloned into pCR2.1 vector (TOPO TA Cloning; Life Technologies-Invitrogen), and nucleotide sequences were determined in both strands by using dye terminator sequencing and the ABI 377 DNA sequencer equipped with ABI Prism Model version 2.1.1 software for data recording and analysis (Perkin-Elmer Applied Biosystems, Foster City, California, USA). Both nucleotide and deduced aa sequences were analyzed for similarity with known sequences using BLAST (27) search and ExPASy proteomics tools (ExPASy, Geneva, Switzerland). The initial differential display cDNA fragment corresponded to nucleotides 3152-3304 in the complete cDNA sequence of SS-56 submitted to GenBank (Accession No. AF360739).
Northern blot analysis. A multiple tissue Northern blot was purchased from CLONTECH and was hybridized with α-[ 32 P]dCTP-labeled SS-56 cDNA following the manufacturer's instructions. The same blot was then stripped and rehybridized with a β-actin probe to standardize for RNA equivalence.
Expression of His-Tagged protein and production of mouse polyclonal antibody. The SS-56 cDNA was subcloned into the pQE-80 vector (QIAGEN, Courteboeuf, France) and used to transform TOP 10F' Escherichia coli (Life TechnologiesInvitrogen). The SSA-52, SSA-60, and SSB-48 cDNAs were subcloned into the pET28 vector (Novagen, Madison, Wisconsin, USA) and used to transform XL1-blue E. coli. The purification of recombinant proteins fused to six histidine was performed by using Ni 2+ affinity chromatography following the manufacturer's instructions (QIAGEN). The final elution was carried out in 8 M urea, 0.1 M NaH2PO4, and 0.01 M Tris-Cl (pH 4.5). The purified recombinant proteins were stored aliquoted at -70°C. To prepare polyclonal antibody, 6-week-old female BALB/c mice (Iffa-credo, l'Arbresle, France) were immunized intraperitoneally with 50 µg of recombinant SS-56 (rSS-56) emulsified in CFA (Sigma-Aldrich, Saint Quentin Fallavier, France). After 30 days, mice were boosted with 50 µg of the same rSS-56 emulsified in incomplete Freund's adjuvant (Sigma-Aldrich). Fifteen days later, an additional boost with the same amount of rSS-56 but without adjuvant was given to all mice. Sera were collected 10 days after the last boost and tested for the levels of anti-SS-56 antibody. Before immunization, sera from the same mice were collected and used as negative controls.
Western blot. Total cellular extracts, prepared in lysing buffer (10 mM Tris-HCl [pH 7.5], 150 mM NaCl, 0.5% Nonidet P-40, 1 mM EDTA, and 0.5 mM PMSF), and recombinant proteins were fractionated by electrophoresis on 12% SDS/PAGE, electroblotted onto nitrocellulose membranes, and incubated for 1 hour with human (1:50 dilution) or mouse (1:100 dilution) antiserum. After washing, the membranes were probed with 1:500 dilution of horseradish peroxidase-conjugated goat anti-mouse or anti-human Ig (Sigma-Aldrich). Reactive bands were then revealed by the use of either the 4CN peroxidase substrate system (KPL, Gaithersburg, Maryland, USA) or the ECLreagents (Amersham Pharmacia Biotech).
Indirect immunofluorescence analysis. HeLa cells grown in chamber slides (Nalge Nunc, Rochester, New York, USA) were fixed and permeabilized with ice-cold methanol/acetone (2:1 vol/vol) for 10 minutes at -20°C. After soaking in PBS containing 1% BSA for 30 minutes, slides were incubated with the first antibody (polyclonal mouse anti-SS-56 or preimmune mouse serum) at room temperature for 45 minutes in PBS containing 0.5% BSA. After washing with PBS, slides were stained with FITCconjugated goat anti-mouse IgG and were then incubated for 3 minutes in PBS containing 0.5 µg/ml propidium iodide before examination with fluorescence microscopy.
Localization of SS-56 by transient transfection. The SS-56 cDNA was subcloned into the pEGFP vector (CLON-TECH) that permits the expression of SS-56 fused with the green fluorescent protein (GFP). HeLa cells were transiently transfected by the plasmid pEGFP-SS-56 using Effectene Transfection Reagent (QIAGEN). Localization of SS-56 was analyzed by fluorescence microscopy.
Binding of SS-56 protein to DNA. rSS-56 protein produced in E. coli was used in DNA binding test as described elsewhere (15) . Briefly, a saturating amount of DNA from HeLa cells was allowed to bind at room temperature to DEAE-Sephadex resin (Amersham Pharmacia Biotech) in binding buffer (75 mM NaCl, 20 mM phosphate buffer [pH 7.4]). The rSS-56 protein was then incubated for 30 minutes with DNA, and the bound protein was eluted with increasing concentrations of NaCl in 40 mM phosphate buffer (pH 6.7). Eluates were separated by SDS-PAGE and analyzed by Western blot.
Immunoprecipitation. HeLa cells were radiolabeled overnight with [ 35 S]methionine, and cell lysate was prepared in lysing buffer (10 mM Tris-HCl [pH 7.5], 150 mM NaCl, 0.5% Nonidet P-40, 1 mM EDTA, and 0.5 mM PMSF). Serum from normal mice (6 µl) was incubated for 1 hour on ice with 2 × 10 6 cpm of radiolabeled cell extract before adding 40 µl of protein G Sepharose beads (Amersham Pharmacia Biotech). After 1 hour of rotation at 4°C, 25 µl of anti-SS-56 or of normal mouse serum was added to the supernatant and incubated for 1 hour on ice. Protein G Sepharose beads were then added in a final volume of 400 µl of lysing buffer and incubated for 1 hour at 4°C with continuous rotation. Sepharose beads were washed ten times with lysing buffer, and radiolabeled proteins that precipitated with the Sepharose were analyzed on 12% SDS-PAGE followed by autoradiography.
Patients. Twenty-five patients with primary SS and 22 patients with SLE were at the University Hospital Center in Lille, France. The diagnosis of each disease was based on routine clinical and laboratory parameters and, in the case of SS, on the presence of at least four items from the modified European criteria (28) . The use of Ouchterlony's double immunodiffusion (ID) technique to detect antibodies against SSA and SSB antigens (3) was performed in the diagnostic laboratory of the University Hospital Center. Thirteen SS and 12 SLE patients were reported to be negative for SSA and SSB antibodies. Patients with SS were 19 women and six men with a mean age (± SD) of 53 ± 16 years, whereas SLE patients (21 women and one man) were significantly younger (P = 0.0174), with a mean age of 42 ± 17 years. A group of healthy controls (20 women and five men; mean age 45 ± 14 years) that was age-and sex-matched with both of the patient groups was included for comparative evaluation of autoAb levels. In addition, a group of 32 HIV-1-infected subjects was tested before and after treatment with potent antiretrovirals. This group was at the Infectious Diseases Department at Tourcoing Hospital Center in France and consisted of eight women and 24 men with a mean age of 37 years (range: 25-64 years). Before starting antiretroviral therapy, the median plasma viral load was 421,326 copies/ml, and the mean ± SE of CD4 counts was 150 ± 4 cells/µl. After a mean duration of 14 months of treatment with two RT inhibitors and one protease inhibitor, viral loads dropped to a median of 3,272 copies/ml and CD4 counts increased to 313 ± 23 cells/µl. The levels of antibodies in sera of HIV-1 patients were also compared with those present in sera of 32 healthy controls who were sex matched (eight women and 24 men) and age matched (mean: 38 years; range: 26-66 years) with the patient group.
Detection of autoAb by ELISA. A standard assay was carried out as described previously (29) . Briefly, microtiter plates were coated for 3 hours at 4°C with 1 µg/ml each of rSSA-52, rSSA-60, rSSA-48, and rSS-56 proteins. After washes in PBS containing 0.05% Tween 20, plates were incubated for 2 hours with different dilutions of sera (1:100-1:2,700) from all tested subjects. Plates were washed and incubated overnight at 4°C with peroxidase-conjugated anti-human IgG (Sigma-Aldrich). After revelation by O-phenylene diamine dihydrochloride substrate (Sigma-Aldrich) and H2O2, absorbance values were read at 492-nm wavelength using an automated microplate reader (Titertek Multiskan; Labsystems, Helsinki, Finland). Results are presented as absorbance values corresponding to the dilution (1:900 for SS and SLE patients; 1:300 for HIV patients) that gave readings in the linear phase of the antibody binding curve.
Results

Molecular characterization of SS-56 cDNA.
To obtain the fulllength cDNA of SS-56, we first attempted to screen a leukocyte cDNA library with the identified cDNA fragment in differential display analysis. These attempts were not successful; therefore, we changed our strategy to a series of successive 5′-and 3′-RACE using specific oligonucleotides. These attempts produced a substantially longer and complete cDNA of 3331 bp containing a single open reading frame and encoding a protein of 485 aa and a predicted M r of 56 kDa. The sequence flanking the first ATG codon is in close agreement with the eukaryotic Kozak's consensus sequence for a methionine initiation codon (30) . The coding region is followed by a long 3′ untranslated region containing a polyadenylation signal and a short poly (A) stretch. The aa sequence analysis (Figure 1 ) revealed the presence of RING finger (aa 16-60)-B box (aa 98-120)-coiled coil (aa 227-248) (RBCC) structure (31) . Similarity search in the GenBank database revealed 66% homology and 43% identity of the new protein with human Ro/SSA-52, a member of the RBCC family of proteins ( Figure 1 ). Because of this similarity in sequence and in the below-described biologic profile, the new 56-kDa protein was named SS-56. Confirmation of the size of the full-length SS-56 cDNA and analysis of the tissue expression of the new gene were carried out by Northern blot analysis. An approximately 4-kb band was detected in all tissues, and high expression was noted in spleen and in fetal liver (Figure 2) .
Immunological characterization of SS-56. The SS-56 cDNA was subcloned into the pQE80 vector, and the rSS-56, fused to 6-histidine residues, was purified on Ni-NTA resin. This protein was used to immunize mice. With the use of ELISA, the antisera obtained were found to possess high-titered and specific polyclonal anti-SS-56 antibodies. Western blot analysis using the mouse antisera showed a 58-kDa band and two smaller degradation products of the rSS-56 (Figure 3a) . The same antisera also recognized a native protein, in extracts from different cell lines, as a single 63-kDa band (Figure 3b ). The higher size of the native protein, in comparison with the recombinant one, may be the result of an aberrant migration in SDS-PAGE. Moreover, preincubation of mouse antisera with an excess of rSS-56 abolished completely the detection of the native protein (Figure 3c ). On the other hand, attempts to immunoprecipitate the native protein from cell extracts, using anti-SS-56 antisera bound to protein G Sepharose, was not successful. Such a difficulty in immunoprecipitating the native protein has also been reported with SSA-52 and may be explained by the low expression level of the protein in question (32) . Furthermore, attempts to establish a DNA-binding activity for the rSS-56 protein were repeatedly unsuccessful. This also can be attributed to the absence of a proper conformation of recombinant SS-56 produced in bacterial expression system. Using indirect immunofluorescence microscopy, we then addressed the subcellular localization of SS-56 protein in HeLa cells (Figure 4b ). Strong cytoplasmic and very sharp perinuclear staining was observed when SS-56 antisera, but not normal mouse serum, was used (Figure 4a ). Weak staining in the nuclei of some cells has also been noted; however, the bulk of SS-56 was found to reside in the cyto- plasm. These data were also confirmed on HeLa cells that were transiently transfected with a plasmid expressing SS-56 fused with GFP, and a predominant cytoplasmic staining was consistently observed (data not shown).
Detection of antibodies against SS-56 in sera from patients with SS or SLE. Because of the sequence homology between SS-56 and the Ro/SSA-52 protein, we have addressed the question of whether SS-56 could serve as an autoAg in certain autoimmune disorders that are characterized by the presence of antibodies to the SSA and SSB antigens. Thus, sera from patients with SS or SLE and sera from healthy controls were analyzed, first by ELISA against SS-56 and then by ELISA against each of the three other rSSA-52, rSSA-60, and rSSB-48 proteins (Table 1 ). Both SS and SLE patients presented significantly higher anti-SS-56 antibodies than did healthy controls. The levels of antibodies to the SSA and SSB proteins were also higher in both groups of patients, although the difference did not attain statistical significance (P > 0.05) against SSB-48 and SSA-52, respectively, for the SS and the SLE patients (Table 1) . Taking the cut-off value of sera positivity against a particular antigen as the mean + 2 SD of the absorbance values from healthy controls, 64% and 68% of SS and SLE patients, respectively, were found to be positive for anti-SS-56 antibodies. In contrast, only 8% of healthy controls gave values that were higher than the mean + 2 SD of the group. The percentage of positive patients to the other rSSA and rSSB proteins varied between 20% and 48%, as shown in Table 1 . Moreover, when the mean + 3 SD of the values from healthy controls was taken as the cut-off point, 32% and 54% of SS and SLE patients, respectively, but none of the healthy controls, remained positive against SS-56. We then selected for analysis 13 SS and 12 SLE patients who were reported by the hospital (according to results from ID technique) to be negative for both SSA and SSB antibodies. The ELISA absorbance values for these 25 samples against the four recombinant proteins are shown in Figure 5 . Taking as a cut-off point for each of the tested antigens the mean + 2 SD of the absorbance values from the group of healthy controls, none of the 25 tested sera turned out to be positive by ELISA against SSB-48. In contrast, two of 13 and two of 12 patients with SS and SLE, respectively, were found to be positive against SSA-60. The incidence of positivity to SSA-52 was the same among SLE patients (two of 12) and slightly higher (four of 13) among SS patients. Surprisingly, eight of the 13 SS patients and eight out of the 12 SLE patients presented absorbance values against SS-56 that were above the cut-off point. Moreover, among 17 patients from both groups who presented no detectable antibodies against any of the SSA and SSB antigen, either by ELISA or by ID, nine (53%) had measurable antibodies to SS-56. These results clearly demonstrate that anti-SS-56 antibodies are not simply crossreactive antibodies with anti-SSA-52 or anti-SSA-60 but represent a distinct antibody population. This was further confirmed by a lack of inhibition of the binding of patients' sera to SS-56-coated wells upon the simultaneous addition of 5 µg/ml of SSA-52 or of SSA-60. In contrast, a dramatic inhibition (> 80%) could be noted when the same concentration of SS-56 protein was used. The presence of antibodies in human sera against recombinant SS-56 was also confirmed by Western blot (Figure 6a ). Furthermore, sera from three of six tested patients were also found to recognize the native SS-56 protein in HeLa cell extracts ( Figure  6b ). Interestingly, positive sera from different patients showed different profiles of antibodies (Figure 6b 5). Analysis of the incidence of anti-SS-56 antibodies with various disease manifestations did not reveal any correlation among SS patients between the presence of antibodies and a defined clinical symptom or the incidence of cryoglobulinemia. However, in SLE patients, the presence of antibodies to SS-56 was frequently associated (eight of 15 patients) with a visceral manifestation ( Table 2 ). In contrast, all seven anti-SS-56-negative patients presented only an articular form of the disease. Moreover, in a preliminary effort to gain insight into the incidence of anti-SS-56 antibodies in other autoimmune diseases, we have screened few sera from patients with RA, scleroderma, or dermatopolymyositis. Results obtained by ELISA revealed that only one of seven patients with RA, one of five with scleroderma, and none of four with dermatopolymyositis were positive against SS-56 (absorbance values > mean + 2 SD of those from healthy controls). Conversely, anti-SSA-52 positivity could be detected in sera from two of four patients with dermatopolymyositis but not in sera from patients with RA or scleroderma (data not shown). These findings further dissociate the seropositivity to SS-56 from that to SSA-52 and suggest the need to profile the presence of antibodies to SS-56 in large cohorts of patients with different connective tissue diseases.
Detection of autoAb against SS-56 in sera from HIV-1 patients.
Because the identification of the SS-56 gene originated from cells of a subject infected with HIV-1, and given that autoAb's directed against the Ro/SSA antigen have been reported in sera of HIV-1 patients (7), we set out to determine the incidence of autoAb's to SS-56 under the setting of HIV-1 infection. A cohort of 32 patients were tested before and after receiving highly active retroviral therapy (HAART), and the levels of serum anti-SS-56 antibodies were compared to those detected in sera of 32 age-and sex-matched healthy controls. Before starting treatment, patients with HIV-1 infection presented significantly higher levels of anti-SS-56 antibodies (P = 0.0001) compared with healthy controls, and these levels were found to significantly drop (P = 0.006 by Wilcoxon matched-pairs test) after a period of several months on HAART (Figure 7) . The majority of patients (23 of 32) showed reduced absorbance values against SS-56 after antiretroviral therapy, and 11 of them presented ≥ 50% decrease in anti-SS-56 levels. Moreover, no significant difference could be found in the levels of anti-SS-56 antibodies between patients on HAART and healthy controls (P = 0.3865). This suggests that controlled viral replication after treatment with antiretrovirals can reduce immune activation and the incidence of antibodies in HIV-1 patients.
Discussion
RNP complexes associated with Ro/SS-A are known to be composed of small cytoplasmic YRNAs with at least the SSA-60 and the SSB-48 proteins (33). The interaction of SSA-52 with the Ro RNP particle, however, is less clear. Recently, pp75, a phosphoprotein that was reported to associate with the SSA-60 protein and autoAb's to pp75 were detected in SS and lupus sera (22) . In the present study, we have identified SS-56, a new protein that shares homologies with other proteins bearing RING finger domains including SSA-52, human ret finger protein (34) , and staf 50 (35) . The presence of RING finger, B box, and coiled-coil domains in many of these proteins has been associated with a capacity to bind DNA, to bind RNA, or to mediate protein-protein interactions (36) . Although SS-56 bears all of the three domains, our attempt to demonstrate a DNA-binding activity for the recombinant protein was unsuccessful. This may reflect that there is a genuine lack of SS-56 to bind DNA or that the bacterially expressed protein is incorrectly folded after solubi-
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The (14) . On the other hand, expression of SSA-52 in baculovirus system, which allows appropriate posttranslational modifications, may result in a protein with DNA-binding capacity (14, 15) . This issue is currently being addressed in our laboratory. Furthermore, the question as to whether SS-56 binds to small RNAs may be examined once immunoprecipitating antibodies become available. Nevertheless, in view of the absence of RNA recognition motif in SS-56, it seems unlikely that this protein could present RNA-binding activity. Only SSA-60
and SSB-48, but not SSA-52, have been found to possess an 80-aa RNA recognition motif and to bind to hYRNAs (3) . Although the cellular localization of the SSA and SSB proteins has been controversial, there is now strong evidence that SSA-60 and SSB-48 are located primarily in the nucleus, whereas most of the SSA-52 is in the cytoplasm (11) . Nevertheless, by using mAb anti-SSA-52, Schmitz et al. have reported either a nuclear or a nuclear and cytoplasmic localization of the protein in different cell types (37) . In the present work, analysis by immunofluorescence has indicated that the new SS-56 protein is primarily located in the cytoplasm with a strong perinuclear and a weak nuclear staining. Furthermore, overexpression of SS-56 after transfection of the cDNA into HeLa cells confirmed the cytoplasmic localization of this protein. However, our results do not rule out the possibility that SS-56 may present a strong nuclear localization in other cell types or in cells maintained under different growth conditions.
The laboratory diagnosis of autoimmune disorders relies, to a certain extent, on the detection of autoAb's that are associated with a single disease or with a group of diseases. Routine laboratory diagnosis in SS and SLE includes the use of immunofluorescence or ID to evaluate the presence of autoAb's against SSA and SSB antigens (3). Several reports have suggested that these classical techniques are less sensitive than Western blot and ELISA for the detection of anti-SSA-52 antibodies (38) (39) (40) . Our data confirm these findings and show that among 13 SS and 12 SLE patients who were reported to have no detectable anti-SSA antibodies by ID, six (four SS and two SLE) were found by ELISA to possess measurable antibodies against SSA-52. Among these six patients, two also presented detectable antibodies against SSA-60. On the other hand, the incidence of antibodies to SS-56 was quite elevated in both groups of studied patients. Furthermore, among the 25 subjects reported to be negative for SSA and SSB antibodies, 16 presented levels of anti-SS-56 antibodies in ELISA that were above the cut-off point established with values obtained from sera of healthy controls. In addition, among the eight SS and nine SLE patients who were negative against SSA (by ID) and against SSA-52 and SSA-60, by ELISA, four (50%) and five (56%), respectively, were found positive for autoAb's against SS-56. These findings establish the newly identified protein SS-56 as an additional cellular target of autoimmune responses in SS and SLE and also argue for the potential use of anti-SS-56 antibodies as a serological diagnostic marker for these two diseases. Nevertheless, it will be important to address in future studies the incidence of anti-SS-56 antibodies in other autoimmune and related connective tissue diseases, to gain further insight into the role of SS-56 in the pathogenesis of autoimmunity. Of particular interest would be studies in NLE, in which antibodies to SS-56, if present, could be correlated with disease pathology. In the same disease, a correlation has been previously reported between the presence of autoAb's to SSA-52 in mothers and the development of NLE and congenital heart block in the newborns (4, 5) . On the other hand, in patients with either SS or SLE, the presence of autoAb's to SSA or SSB antigen has been associated with a number of clinical manifestations including photosensitivity, sicca syndrome, congenital heart block, and vascular purpura (2) . In this study, we could not establish a direct association between the incidence of anti-SS-56 antibodies and either a defined clinical symptom or serum cryoglobulinemia in SS patients. However, among the SLE patients studied, all those who were negative for autoAb's to SS-56 (seven patients) presented an articular form of the disease without any visceral complication. In contrast, eight of the 15 SLE patients with detectable anti-SS-56 antibodies had a visceral manifestation. These findings establish a link, though in a small cohort, between visceral complications of SLE and autoAb's to SS-56. Larger cohorts would need to be studied in order to validate this association.
AutoAb's against SSA or SSB proteins have been observed in subjects infected with HIV-1 (7, 41) but not with hepatitis C (42) . On the other hand, sera from SLE and SS patients were also found to present reactivity with HIV-1 p24 antigen (43) , suggesting a specific pattern of nonrandom cross-reactivity between virus p24 and autoimmune sera. Moreover, both a direct interaction between the SSB and HIV-1 trans-activation response element as well as the involvement of the SSB autoAg in HIV-1 gene expression have been reported previously (44, 45) . Thus, because of the known association between HIV and the SS autoAg and because the identification of SS-56 originated from a study on cells from a patient with HIV-1 infection, we evaluated the levels of autoAb's to SS-56 in sera of HIV-1 patients. Our findings on the presence of elevated levels of anti-SS-56 antibodies in sera of untreated HIV-seropositive subjects confirm the autoantigenic nature of SS-56 and the autoimmune manifestation of HIV-1 infection (7). Furthermore, the observed normalization in the anti-SS-56 levels after efficacious antiretroviral therapy supports the notion of the ability of antiretrovirals to correct several immune abnormalities (46) . The elicitation of autoAb's to various SS antigens, after infection with HIV, may result from a translocation of these proteins to the cell surface of apoptotic cells (47) (48) (49) , and thereby, these antigens could serve as targets for autoimmune responses. Whether SS-56, similarly to SSA protein, may acquire cell-surface expression upon cell activation or exposure to stress (50, 51) would have to be addressed in future studies.
In conclusion, we have cloned the full-length cDNA of a novel autoAg SS-56 that seems to share, besides sequence homology, molecular and physiological characteristics with SSA-52. AutoAb's against SS-56 were detectable in sera of patients with SS or with SLE. Importantly, some patients who showed no reactivity against the classic SSA and SSB antigens were found to present detectable autoAb's to SS-56. Taken together, these findings define a new cellular target of autoimmune responses and point to the potential application of this protein in the diagnosis of SS and SLE. The biologic implications of these results in the pathogenesis of autoimmunity await further studies and a comprehensive profiling of autoAb responses to SS-56 in other autoimmune connective tissue diseases.
Figure 7
AutoAb's against rSS-56 in sera of HIV-1 patients tested before and after HAART. Sera from 32 HIV-1 patients, collected at two different time periods before and after HAART, and from 32 healthy controls, were analyzed for autoAb levels to rSS-56 by ELISA. The presented absorbance values were obtained with a dilution of 1:300, and horizontal bars indicate the means.
